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ABSTRACT
Matching knowledge Demand, research Funding and knowledge
Supply (DFS) is important in order to enhance societally and policy
relevant research, target funding appropriately and enhance the
connectivity between science, policy and society. The DFS field
around reindeer management in Finland offers a fertile case study to
examine interconnected and complex trends as well as the relations
between herders’ and policymakers’ knowledge demand, ministerial
funding and independent supply of knowledge by science. We
identify matches and mismatches between the DFS in a case study
of reindeer management in Finland across ten inductively identified
themes and in time scales of 2000–2009 and 2010–2018. The main
finding was that, during the latter period, the DFS matched
significantly better than in the earlier period. In order to explain this,
we identify and discuss five alternative and legitimate co-creation
dynamics that explain how the DFS is organizing around the
reindeer management in Finland. The five dynamics represent
variations in the co-creation approach, fit to varying situations, which
can inform of alternative ways to better match the DFS around
reindeer management, and they are also applicable in other contexts.
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Introduction
Matching knowledge Demand, research Funding and knowledge Supply (DFS) is important
in order to promote societally and policy relevant research as well as to enhance the connec-
tivity between science, policy and society (Sarewitz & Pielke, 2007; van den Hove, 2007).
Current calls for societally relevant research have become pervasive across disciplines and
can be considered as among the most important drivers influencing current research
policy and science-policy-society relationships (Editorial, Nature, 2018). The common
idea to ensure societally relevant research is simply ‘to ask from the people’ (Richardson
& Perry, 2018) what researchers should study. This implies that policymakers and stake-
holders should co-define the research priorities, which determine the scope of funding
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programs, and then funded research would supply knowledge on these societally important
questions.
Co-creation approaches to connect science, policy and society have boomed recently and
applied also to Arctic areas (Armitage et al., 2011; Nilsson et al., 2019). The science-policy-
society literature often focuses on criticizing the linear model where scientists should speak
truth to power (Hoppe, 1999; Young et al., 2014), but rarely addresses variations by which
co-creation can take place. In order to go beyond simplistic views that co-creation is just
about asking from the people (Richardson & Perry, 2018) or promoting iterative interactions
with stakeholders (e.g. Mauser et al., 2013), we employ a retrospective policy evaluation
(IPBES, 2016) as our methodological tool to create basic qualitative storylines on the
dynamics between DFS.
In the present paper, we examine the interrelations between the demand, funding and
supply of scientific knowledge in a case study of reindeer management in Finland for the
periods 2000–2009 and 2010–2018. Reindeer management in Finland is a traditional live-
lihood practised by indigenous Saami and Finn herders. It is practised in a large geo-
graphical area (36% of Finland) and, therefore, it links to many questions and
developments in Northern Finland. Practices, policies and science are interlinked
around reindeer management in Finland. Therefore, a case study offers a constructive
avenue to examine the matches and mismatches between the demand, funding and
supply. The selection of these time periods is justified because, around the turn of the
millennium, research on reindeer pastures started to diversify by considering that other
land uses (e.g. forestry) also impact the state of reindeer pastures (Kumpula, 2003). On
the other hand, participatory approaches in research, also engaging herders in knowledge
production, started to emerge (e.g. Hukkinen et al., 2006). The year 2009 was chosen as
another time interval due to the rise of many relevant themes around reindeer manage-
ment, like increased attention paid to climate change, mining developments, increasing
challenges caused by predators and attention to cumulative pressures. In addition, by
2009, the emphasis on participation and co-creation approaches between stakeholders,
researchers, policymakers and research funders has been established as a general frame-
work in the efforts to enhance the connectivity between science, policy and society (see
Armitage et al., 2011). The research questions examined in the present paper are: (1)
What were the trends and themes in knowledge demand by herders and policymakers,
research and development funding by Ministry of Agriculture and Forestry (MAF) and
Reindeer Herders’ Association (RHA), and knowledge supply by scientists in international
peer-reviewed publications in periods 2000–2009 and 2010–2018? (2) Do the addressed
themes match across demand, funding and supply and, if so, how? (3) What kind of
varying co-creation dynamics can be derived from the identified trends and themes to
match societal knowledge demand, research funding and knowledge supply?
The significance of this paper relates to an empirical assessment of the trends in DFS
around the reindeer management in Finland. While reindeer management is highly
researched in general, the approaches explicitly tackling the complex dynamics between
DFS are lacking. In terms of the theory on science-policy-society interactions, we emphasize
the plausible variations in co-creation approaches that fit different situations and explain the
matches and mismatches between DFS. We assess the connectivity between DFS via themes
occurring as important in relation to knowledge demand, research funding and knowledge
supply. Therefore, we contend that there is a match when DFS cover the same themes,
and a mismatch where the addressed themes are different.
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Methodology
Case study: understanding the interconnected demand-funding-supply landscape
in the context of reindeer management in Finland
Finland includes 54 Reindeer herding cooperatives (RHC) which are part of the Reindeer
Herders’ Association (RHA). The reindeer management area in Finland comprises two
main geographical areas: the North (area specifically intended for reindeer husbandry,
including Saami homeland) and the South (the remaining reindeer management area). Rein-
deer management belongs under the jurisdiction of the Ministry of Agriculture and Forestry
(MAF). Some sectoral research institutes (Since 2015 LUKE merging the previous RKTL;
METLA; MTT) are relevant for reindeer management and work under MAF, which is
responsible for rural livelihoods and needs related knowledge for policymaking. In the late
1980s, updating the Reindeer Husbandry Act was in progress, and the maximum number
of breeder reindeer for each RHC from the beginning of the 1990s were set. Reindeer
numbers had grown significantly during 1980s, new herding practices had been adopted
and new research methods provided new data about the ecological state of pastures,
which is oftentimes referred to the ‘ecological carrying capacity’ of pastures (see Forbes
et al., 2006). Legislation functionality was monitored during the 1990s, and the reindeer
numbers were again set in the late 1990s. Therefore, knowledge demand by the policymakers
was most strongly linked to knowledge of pasture quality and quantity. The same trend con-
tinued until the end of the 1990s.
Some funding for reindeer related research in Finland is based on academic funders, such
as Academy of Finland, Nordic funding instruments and EU funding, but in terms of rein-
deer herding this funding is relatively small, competed and sporadic. Therefore, we concen-
trate on two instruments, MAKERA and RHA funding, which focus on practical reindeer
management with results often published as gray literature, yet also supporting academic
peer-reviewed publishing and vice versa. In 1986–2016, the MAF has had a specific
funding instrument, MAKERA, to finance research and development projects on rural liveli-
hoods. Within this instrument, a certain portion of funding was targeted towards projects on
reindeer management. After 2016, reindeer management-related funding has been governed
by the Centre for Economic Development, Transport and the Environment of Lapland
(Lapin ELY-keskus). Projects funded by MAF had to have practical objectives. Therefore,
MAKERA funding also had a clear connection to policy, and it was also a way to meet
the knowledge demand by MAF. MAKERA is funding that supports research that is not
directly covered by sectoral research institutions working under MAF. Henceforth, part of
the reindeer management relevant funding is not ‘visible’ for our analysis here but supported
by researchers with varying and shifting backgrounds and affiliations to academic and
applied research institutions. However, MAKERA funding gives indicative information on
the DFS dynamics.
The Reindeer Herders’ Association (RHA) represents, on the one hand, the interest of
herders and herding cooperatives in its communication towards MAF. It is also respon-
sible for the PR-work towards society and promoting reindeer management and the
research conducted on it. RHA gets its own funding from MAF and can, on the other
hand, be understood as a regional administrative body of central government (practical
administration and regulation of reindeer management and guidance for herders being
among its key operations). Therefore, RHA is at times criticized for its dualistic role
and biased interest commitment (Hukkinen et al., 2003a, pp. 26–27). Furthermore,
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Saami reindeer herders’ have expressed their will to have an organization of their own to
defend their interests. RHA distributes some funding on research and development pro-
jects and has been responsible for initiating, applying and managing funding for these
projects. These projects have aimed to respond to the needs of herding cooperatives
and, sometimes, proactive investigation or development has been carried out (personal
communication, Matti Särkelä, Office and quality manager of RHA Finland, 29 January
2019). In conclusion, RHA and MAKERA funding have interdependencies and are
often targeted at advancing practical reindeer management, publishing in gray literature,
and conducted by people outside of academia.
Reindeer management related knowledge supply as examined in the present paper has
been published in international peer-reviewed publications within research projects
funded by the Academy of Finland, Finnish private foundations, Nordic funding instru-
ments and the EU. Even though academic funding for the reindeer related research is
limited, this funding is important because it gives more freedom for topics and
approaches taken in research than, for example, practical research and development
funding of the MAF. For keeping our focus on peer-reviewed international publications
as knowledge supply, we excluded gray literature and research in Finnish language
from our analysis because the former often report outputs from MAKERA and RHA
funded and MAF guided or commissioned projects. Figure 1 outlines the interconnected
field of knowledge demand, research funding and knowledge supply around reindeer
management in Finland.
Figure 1. Field of demand, funding and supply around reindeer management in Finland. The question
mark in the middle stresses whether and how the demand, funding and supply can be matched.
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Research materials
Knowledge demand by policymakers
Legislation is under continuous development, and the targets of laws also reflect policy-
makers’ knowledge demand, as policymakers need knowledge to develop laws on specific
themes. Here, we scanned policymakers’ views via screening of laws relevant for reindeer
management that started to evolve faster since the Reindeer Husbandry Act (848/1990)
was under reformulation. Furthermore, the current views especially of MAF policymakers
were found in administrative reports: Ruuhela et al. (2011); MAF (2014); Peltonen-Sainio
et al., (2017) and Tennberg et al. (2017) commissioned by MAF.
Knowledge demand by herders
Reindeer herders’ knowledge demand is addressed via a participatory research approach. Par-
ticipatory research with reindeer herders has also been conducted elsewhere, but here our
material comprises the knowledge needs of reindeer herders collected through the following
major research efforts that fit our time span of the analysis. First, the national report of Kemp-
painen et al. (2003) is a comprehensive work explicitly targeted to formulate the future
research needs. According to the report, herders’ knowledge needs and concerns were ident-
ified based on twoworkshops in 2002 and 2003 in Inari and Salla. Sixty 60 participants in these
workshops consisting of herders and other stakeholders, such as scientists, dealing with rein-
deer management were aimed at ‘developing reindeer husbandry and facilitating policymak-
ing’ by identifying knowledge needs based on herders’ views. Second, the research reports of
large international consortiums that have conducted transdisciplinary and participatory
research in the 1990s and early 2000s: the pioneer EU FP5 project ‘The Challenges of Moder-
nity for Reindeer Management’ RENMAN (2001–2004) (Forbes et al., 2006) is a good
example. Finally, the recent research of the large international research consortium ReiGN
(Nordforsk Nordic Centre of Excellence ‘Reindeer husbandry in a Globalising North – resili-
ence, adaptations and pathways for action’) that organised a workshop for herders in February
2018. This ‘dinner workshop’ included 12 herders from eight RHCs in Finland, consisting of
eight RHC leaders and indigenous Saami herders. These participants represented the two
main geographical areas of reindeer management in Finland. The purpose of the workshop
was to allow open discussions on relevant topics, such as predator damage, land use change
and governance of reindeer management in Finland in general. Emerging issues and research
needswere explicitly asked.We aimed at opening discussions on topics chosen by herders. The
aim was for the discussions to reflect herders’ concerns of today.
Ministerial research and development funding
We examined projects funded by the MAKERA and RHA funding instruments. Altogether,
144 projects received MAKERA-funding during the years 1986–2016 (including 58 projects
in 2000–2009 and 25 projects in 2010–2016). RHA has been conducting its own research and
development activities since 2000 and managed 88 projects until 2016. Lists of the projects
have been requested and were received from the persons responsible for funding
administration.
Knowledge supply by peer-reviewed publication
We analyze scientists’ knowledge supply via international peer-reviewed publications
between 2000 and 2018. In order to map what kind of scientific knowledge on reindeer
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management in Finland has been published, we used the comprehensive scientific literature
review first presented by Landauer et al. (2018): the literature searches were conducted in
Google Scholar, Scopus and Web of Science databases with a combined use of the search
words ‘Finland’ and ‘Reindeer herding’. Additional manual searches were done by screening
the reference lists of the publications found during the main search (i.e. snowball sampling).
The literature search was limited to peer-reviewed international publications, and book chap-
ters published between the years 2000 and 2018 in the English language. The selected peer-
reviewed publications (N = 85) focus on reindeer management in Finland. According to the
Acknowledgements statements of these publications, only five out of the 85 scientific publi-
cations were funded by MAKERA.
Analysis methods
The first task of the analysis was to identify themes that allow comparisons between
the five DFS aspects (Figure 1). This was done by starting the analysis from the available
databases: the lists of MAKERA and RHA funded projects, and peer-reviewed scientific
publications. The scientific literature review revealed eight themes that have been
studied (Landauer et al., 2018). The MAKERA projects were clustered into nine themes.
The RHA funding was clustered into five themes. These categories were further clustered
into ten overall themes, and the subcategories were identified under each theme (Table 1).
We used these ten themes to categorize reindeer herders’ and policymakers’ knowledge
demands.
In order to examine the evolving matches and mismatches between demand, funding and
supply (DFS), we look backwards to analyze matches and mismatches between the DFS. We
identify (1) the most relevant actors (Figure 1), and (2) themes by which the matches and
Table 1. Themes, abbreviations and short explanations on the classification of the material.
Theme Abbreviation Explanation
Climate and climate change Climate Climate change, impacts of climate change on pastures and reindeer
management, herders’ adaptation to climate change
Economy and profitability Economy Productivity and profitability of reindeer management, employment
and part-time complementing employment (e.g. tourism),
entrepreneurship related to reindeer management and tourism,
handicrafts, marketing, reindeer meat and products
Governance and legislation Governance Governance of reindeer management and its working environment,
legislation, rights and responsibilities in reindeer management
Reindeer physiology and health ReinHealth Reindeer health and healthcare, diseases, parasites and insects,
reindeer physiology
Multiple land uses and implications
on reindeer management
Land use Land use in reindeer management area, multiple pressures by other
land users (e.g. protected areas, mining, wind parks, forestry,
tourism, traffic losses)
Pasture quality and quantity Pastures Pasture quality and quantity, impacts of reindeer management on
pastures, pasture conditions and carrying capacity estimation
methods
Reindeer management practices Practices Supplementary feeding and fodder, slaughtering and slaughtering
houses, breeding and development of reindeer stock, practical
herding methods, technology and information technology and
management, working skills, educational material
Predators and their implications on
reindeer management
Predation Predators, losses of reindeer on predation, predator watching tourism
Sociocultural aspects Socio-
culture
Herding culture and traditional knowledge, traditions, Sámi culture
and herding, social changes and crises, image of reindeer
management
Herders’ well-being HerdersWell Well-being of herders at work, occupational health
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mismatches between the DFS can be assessed (Table 1). Thereafter, we can (3) assess the
trends in recognition of the ten overall themes by the actors (Figure 3). After (semi-)quan-
tified results, we discuss five types of the dynamics of co-creation addressing past dynamics
between the DFS (Figure 4; Section 4). These co-creation dynamics provide qualitative expla-
nations for some of the results rising from Section 3.
Results: trends and themes in demand, funding and supply around reindeer
management
Knowledge demand: policymakers’ knowledge needs
Present day knowledge needs can be found in the policy documents: Ruuhela et al. (2011)
mention only general ‘research on the use of environment and natural resources’ and
MAF (2014) ‘research on climate change impacts and climate risks’. Two recent reports (Pel-
tonen-Sainio et al., 2017; Tennberg et al., 2017) emphasize the need for the multidisciplinary
research, in which herders and other stakeholders genuinely participate. They include a com-
prehensive list on knowledge needs complemented by the screening of laws related to rein-
deer management (Table 2). The land use regulation in Finland is still developing, including
changes in the National Land Use Guidelines in 2018 (Valtakunnalliset alueidenkäyttötavoit-
teet, VAT), which has also affected reindeer management.
Knowledge demand: Herder’s concerns and knowledge needs
Herder’s concerns and knowledge needs are shown in Tables 3 and 4. Table 3 lists the ident-
ified knowledge needs in the early 2000s based on the national report of Kemppainen et al.
(2003) and on RENMAN publications which list several policy recommendations, concerns
and needs of herders and herding communities. RENMAN applied transdisciplinary, co-
design and co-production approaches (Hukkinen et al., 2003a; 2003b; 2006). Table 4 ident-
ifies herders current knowledge needs based on the ReiGN participatory workshop with
herders organized in 2018.
Funding managed by the Ministry of Agriculture and Forestry: MAKERA and RHA
The overall MAKERA focus targeted herding practices and economic studies, together with
socio-cultural and historical aspects. When looking at the period 2000–2016 (altogether 83
projects), studies on economy, herding practices, socio-cultural aspects and reindeer physi-
ology and health have been most often funded by the MAKERA instrument (Figure 2). In the
2000s (58 projects in 2000–2009), the economy, reindeer physiology and health and devel-
opment of herding practices were funded; in the 2010s (25 projects in 2010–2016), the socio-
cultural aspects were also addressed. Furthermore, governance related projects were more
common. Predation related studies emerged from 2002 onwards in the MAKERA projects.
RHA managed funding has been an instrument that allows for the consideration of issues
which are perhaps considered as minor by other funders, but which are important to
herders (e.g. well-being of herders, certain land-use and predation related issues).
However, a large share of the projects have concentrated on the economic aspects and
herding practices (Figure 2).
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Overview of knowledge supply based on peer-reviewed publications on reindeer
management in Finland
The percentage of publications regarding the ten themes is shown in Figure 2. In 2000–2009,
‘pastures’ and ‘climate’ were the themes the most studied (7 publications each one). While
the number of publications concerning ‘pastures’ and ‘climate’ slightly increased (respect-
ively 10 and 9) in 2010–2018, ‘‘governance’ and land use’ are the themes which have got
the highest increases in their representation of the total amount of publications between
Table 2. Policymakers’ knowledge needs.
Policy makers’ knowledge needs 2000–2009 (Screening of laws related to reindeer herding)
Pastures &
Governance
. Reindeer Husbandry Act (848/1990; e.g. rights and responsibilities of herding cooperatives)
Socio-culture . Act on Saami Parliament (974/1995; prerequisites of herding in the Saami area)
Predation . Compensations for predator-caused reindeer damages (Game Animal Damages Act,
Riistavahinkolaki 105/2009 and 309/2013),
Policymakers’ knowledge needs 2010–2018 (Screening of laws related to reindeer herding; MAF 2014; Peltonen-Sainio
et al., 2017; Ruuhela et al., 2011; Tennberg et al., 2017).
Climate Climate change impacts and risks; Research improving the adaptation of herding to climate change:
more detailed climate co-creation dynamics, impact studies with regional or local scale.
. Compensations for weather-related damages (Act about compensating the damages caused to
reindeer herding, Laki porotaloutta kohdanneiden vahinkojen korvaamisesta 987/2011 and 655/
2016).
Economy Profitability and sustainability of reindeer husbandry, economic and employment effects of herding,
reindeer entrepreneurship.
. Subsidies for reindeer herding and natural economy (986/2011 and 418/2018; Laki porotalouden ja
luontaiselinkeinojen rakennetuista)
ReinHealth Reindeer condition and health (including parasites)
Land use Drivers of change, cumulative impacts of land-use.
. Act on Metsähallitus (234/2016, obligations of the state-owned enterprise Metsähallitus to consult
and consolidate with herding)
. Mining Act (621/2011, obligations to consult and consolidate with herding)
. Water Act (587/2011, obligations to consult and consolidate with herding)
. Compensations for traffic-caused reindeer damages (Act on traffic insurances, Liikennevakuutuslaki
460/2016),
Pastures Reindeer forage plants and pastures
. Act about the largest allowed reindeer numbers per RHC and per reindeer owner (857/2014)
Practices Herding practices in relation to drivers of change, e.g. technical aids and digitalization
Predation Predation and compensations related to predator-caused losses
Socio-culture Sociocultural impacts of changing operational environment of herding
HerdersWell Work safety, health and well-being of herders, ageing of herders
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2000–2009 and 2010–2018 (+12.1% and + 10%, respectively). On the other hand, ‘economy’,
‘predation’ and ‘reindeer health’ are the themes which have been published less in 2010–2018
(with a decrease in the representation of the total amount of publications of −7.8%, −5.5%
and −5%, respectively). The sociocultural topic was addressed by some publications only as a
minor issue, not as the main theme and, therefore, the classification Sociocultural is missing
from Figure 2. Sociocultural topics were discussed in the papers in the Practices and
Economy categories and appeared mainly in the publications from 2010 onwards.
Do the demand, funding and supply match?
The matches and mismatches between knowledge demand, funding and supply for the
periods 2000–2009 and 2010–2018 are indicated in Figure 3. It is noteworthy that the
Table 3. Herders’ knowledge needs in the early 2000s (Kemppainen et al., 2003; Hukkinen et al. 2003a,
2003b).
Herder’s knowledge needs in the early 2000s Category
Kemppainen et al., (2003)
Information management Practices
The future of reindeer husbandry Socio-culture
Cash and material flow in reindeer husbandry Economy
The reindeer and tourism Economy
Reindeer products and markets for them Economy
The status and significance of reindeer husbandry Socio-culture
Reindeer management and meat processing Economy
Reindeer management and other land use Land use
The operating environment for reindeer husbandry (society, other businesses, the European Union,
free trade and changes in consumer habits and values)
Economy
Other research subjects (animal diseases, developing the administration) ReinHealth;
Governance
Hukkinen et al. (2003a, 2003b)
Land use Land use
Legal framework Governance
Social legitimacy of herding Socio-culture
Table 4. Herders’ recent concerns and knowledge and research needs as heard at a dinner workshop
organized by ReiGN in 2018.
Knowledge needs expressed in the ReiGN workshop 2018 Themes
Risk for chronic wasting disease (CWD) spreading to reindeer ReinHealth
Risk for additional loggings due to fungi and diseases (e.g. Cronartium flaccidum and Peridermium pini)
which spread particularly in monoculture forests
Land use
Mines: direct pollution risk of waters, and increasing risk of meat quality change, and/or image damage
of reindeer meat
Land use
Mines: mineral exploration is increasing, new companies appear, extensions of currently existing sites,
large-scale pasture losses due to mining.
Land use
Image of herding and reindeer meat Socio-culture
Railroad to the Arctic Ocean that would lead to increase in traffic accidents and to pasture
fragmentation
Land use
Tourism/outdoor recreation related photographing: use of carcasses are used to attract predators to be
photographed but it increases the risk of reindeer losses due to predators.
Predation
Technological innovations have potential to change herding practices further, and very quickly, and
unexpectedly (as evidenced by the introduction of snowmobiles and mobile communications). These
can have unexpected consequences, both positive and negative.
Practices
Governance issues such as setting largest allowed reindeer numbers (mainly based on the estimated
pasture carrying capacity)
Governance;
Pastures
EU subsidies Economy;
Governance
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mismatches between all of the actors are quite common even though these decades have
shown a large variety of themes. The latter examination period illustrates significantly
more matches than the earlier period. Below, we pick up some interesting observations
from Figure 3 and discuss plausible explaining dynamics for the (semi-)quantitative exam-
inations above.
There are five key findings from this analysis. First, predation is a theme missing from the
list of reindeer herders’ concerns in 2000–2009, and from the peer-reviewed publications in
2010–2018 (Figure 3). Second, pastures occur as an addressed theme for many actors in both
periods, but why is there not a full match despite the pastures being the basis for free grazing
reindeer herding? And what explains the steady interest of peer-reviewed publications on
pastures, while MAKERA and RHA funding for pastures is almost non-existent in both
examined periods (See Figure 2). Third, climate change has been targeted by peer-reviewed
publications from early on, and in 2010–2018, it was a target of peer-reviewed publications
and policymakers’ knowledge needs. Fourth, land-use issues are addressed by all the actors in
2010–2018, but according to our material, the theme is missing from the policymakers’
Figure 2. Percentage of projects funded by RHA and MAKERA in the periods 2000–2009 and 2010–2016,
and the percentage of scientific publications regarding the ten themes for the periods 2000–2009 and
2010–2018.
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knowledge needs and RHA research themes in 2000–2009. We take highly topical mining as
an example for a more in-depth discussion. Fifth, herders’ well-being is shown only as a
theme for Policymakers’ knowledge needs and RHA funding in 2010–2018, and not at all
in the period 2000–2009 (Figure 3).
Discussion
Co-creation dynamics to match demand, funding and supply
Based on the results, the themes addressed by policymakers’ and herders’ knowledge
demands, supply of science and available funding match significantly more between the
time period 2009–2018 than 2000–2009 (Figure 3). The change seems to be in line with
general tendencies in environmental policy and governance to change from hierarchical
top-down approaches towards participatory governance (Challies et al., 2017). In research,
the movement towards the co-creation of knowledge approaches with an emphasis on
Figure 3. Matches (in bold and dark) and mismatches between policymakers’ and reindeer herders’
knowledge demand, Ministerial research and development funding and peer-reviewed publications for
the periods 2000–2009 and 2010–2018.
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societally relevant research, are bridging the gap (Nilsson et al., 2017). The idea that science,
policy and society need to be better connected in knowledge production and policy design
(Armitage et al., 2011) are probable reasons as to why the gap between demand, supply
and funding is narrowing. On the other hand, some previously budget-funded sectoral
research institutes currently face pressures to find more and more of their own funding,
meaning that they compete for research funding. This has narrowed the gap between
research under Ministerial funding and independent research under external competed aca-
demic funding. Next, we discuss five specific co-creation dynamics, explaining how the gap
has been narrowed around the reindeer management in Finland (Figure 4). None of the co-
creation dynamics is better than another, but they rather fit into different situations and pur-
poses. The numbering of co-creation dynamics corresponds with those of the key findings
hereinabove. Thus, the discussion on the five co-creation dynamics is explaining and provid-
ing more details on our five key findings.
Co-creation dynamics 1: meeting societal knowledge demand
Co-creation dynamics 1 depicts a situation where knowledge demand by policy and society
comes first and it is then taken up by researchers and funders. This is a common view in the
current discussions emphasizing that research must be societally relevant, and thereby
research and its funding need to follow concrete societal or policy needs and concerns for
knowledge (McNie, 2007; Sarewitz & Pielke, 2007).
Predator discussions provide an example of the logics following the co-creation dynamics
1. Predator problems have been increasing since Finland joined the EU in 1995 and predator
damages increased due to regulatory changes (e.g. nature conservation and species protection
Figure 4. Five co-creation dynamics to match knowledge demand, research funding and knowledge
supply derived from the trends around reindeer management in Finland.
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regulations) (Turunen et al., 2017). The absence of the predator theme from herders’ knowl-
edge needs in our material is probably explained by the fact that our materials are from the
year 2003, when the steadily growing predator damages were at their lowest point (Paliskun-
tain yhdistys: https://paliskunnat.fi/py/porovahingot/petoelainvahingot/). Herders’ concerns
regarding predators have especially increased in the southern and eastern cooperatives of the
Finnish reindeer management area during the last decade. The predator issue has also been
visible in recent news reports related to reindeer management (e.g. Koillismaan Uutiset 11
May 2018). In addition, the RHA funding for predator related projects has increased
when comparing the 2010–2018 period to the 2000–2009 period (Figure 2). This highlights
that policy changes have created a new problem, which is first recognized by herders’, and
then policymakers who need to deal with the new problem (see The Game Animal
Damages Acts 2009 and 2013). The lack of a predator theme in peer-reviewed publications
in 2010–2018 is probably due to many of the publications focusing on predator governance
and being classified as a governance theme instead of predators (Heikkinen et al. 2011). That
the MAKERA funding on predators has slightly decreased is explained by sectoral research
institutes having a rather strong research focus on predators as part of their job. Adminis-
tration produces predator-related gray reports as part of the everyday work of sectoral
research institutes in relation to their legal tasks in game management. Therefore, the
complex role of sectoral research institutes in being guided by MAF and carrying out
science complicates the picture.
Ongoing discussions on the predators’ link to the practice of supplementary feeding of
reindeer in corrals to, in addition to other reasons to feed, mitigate predator damages.
This, however, changes the reindeer management from free-grazing to reindeer farming
(see Heikkinen et al., 2012; Lépy et al., 2018). On the other hand, recent developments in
predator photographing tourism have been found to be contested especially in the east
(e.g. Kuusamo region), where carcasses are used to lure predators, and which takes place
in the same areas where reindeer graze (Iivari, 2017). In conclusion, herders are among
the first to acknowledge the implications of increasing predators and related tourism activi-
ties on herding. The administration is then burdened by a flow of applications for compen-
sations due to lost reindeer for predators. The co-creation dynamics 1, therefore, highlights
that researchers and funders should be alerted to the changes that are observed on the ground
and by the administrators to keep up to date on the topical issues.
This co-creation dynamics can be applied elsewhere by starting from societal knowledge
demand to identify priorities for research. Here, it is essential to note that knowledge demand
consists of policymakers and reindeer herders’ knowledge demand. Policymakers’ demand as
a starting point for the co-creation of the knowledge approach has been taken as a starting
point by the recent EU Polar Net white paper methodology to connect science and policy
(https://www.eu-polarnet.eu/news-and-events/conferences-and-workshops/white-paper-
workshop/). The co-creation dynamics 1 would look quite different if starting from indigen-
ous and local peoples’ concerns. For example, in connection to Arctic Council proposals for
the ‘meaningful engagement’ of indigenous and local people to inform policymakers have
been developed (PAME, 2019). Furthermore, community based adaptation research has
addressed local concerns and conditions for adapting to climate change in order to make
adaptation research more democratic and responsive to local needs (Ford et al., 2016). There-
fore, the co-creation dynamics 1 is relevant when aiming to match better research and
funding to societal concerns, and yet varying significantly whether focusing on demand by
policymakers or local communities.
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Co-creation dynamics 2: researchers as issue advocates of societal concerns
Co-creation dynamics 2 illustrates a situation where societal actors first notice a knowledge
need or a governance failure. However, the resulting criticism may not be able to change the
situation alone. Hence, researchers and participatory approaches are needed to work as issue
advocates towards policymakers, other researchers and funders to facilitate learning and gov-
ernance changes for sustainability (Ballard & Belsky, 2010; Marshall et al., 2018).
Pasture research and setting the maximum allowed number of reindeer for each RHC
have been connected for the three last decades and they, together with presented criticism,
provide an illustration of the dynamics portrayed by the co-creation dynamics 2. Policy-
makers’ knowledge needs have centered continuously on pasture research and the carrying
capacity of the pastures since the end of the 1980s when the act on reindeer management was
under reformulation. MAKERA funding for pasture research has, however, decreased stea-
dily since the 1990s, probably because the former Finnish Game and Fisheries Research insti-
tute (RKTL) focused on that with permanent personnel and ‘reindeer research station’
profiled to ecological research.
The importance of pasture research for administration, especially for MAF, has been man-
ifested by the provisioning of direct funding from MAF to pasture research and inventories.
This has happened via other channels than MAKERA and RHA, which show low interest in
pasture research in Figure 2. Currently, the new largest allowed reindeer numbers for RHCs
are being set by the MAF. This process highlights the persisting knowledge need by policy-
makers on pastures. In peer-reviewed research, the interest in pasture research has also
remained high. Here, the research under sectoral research institutes has also produced
peer-reviewed publications (e.g. Akujärvi et al., 2014). The recent focus has been on the
cumulative impacts of various land uses on reindeer management as a whole (Sarkki
et al., 2016). It seems that, for a long time, there was a self-reinforcing feedback loop
between the governance of reindeer numbers and bioeconomic pasture research. This
pattern has been gradually eased by some critique from herders and researchers. Herders
have clearly demanded the emphasis of issues other than the ecological carrying capacity
of especially winter pastures for a long time.
Thus, herders’ views supported by research have somewhat altered the perceived knowl-
edge needs by policymakers (e.g. recognition of the importance of cumulative impacts) (e.g.
Peltonen-Sainio et al., 2017). Nevertheless, it seems that researchers were needed because
herders’ critiques have often been labeled as biased and driven by their own interests. In
terms of research programs, the EU FP RENMAN (2001–2004) project was revolutionary
in communicating the holistic view deriving from herders to policymakers (Hukkinen
et al., 2006). The RENMAN results emerged at the same time when the Saami parliament
pointed out the need to examine competing land uses at the end of 1990s, and to use
herders’ knowledge (Ministry of Agriculture and Forestry, 1999). The participatory research
has continued, for example, in recent Nordforsk funded consortiums ReiGN and TUNDRA.
The co-creation dynamics 2 depicts a typical situation for participatory action research,
where researchers consider themselves as guests hosted by local communities and indigenous
peoples, from whom the researchers can learn, and whose interests the researchers can
promote (e.g. Openjuru et al., 2015). Social equity and the ‘no one should be left behind’
logic by UN Sustainable Development Goals are key policy justifications for this co-creation
dynamics. In addition, recent developments in research ethics drive research practices in this
co-creation dynamics (e.g. Fitzpatrick et al., 2016). In this co-creation dynamics, researchers
do not have favorite or pre-determined research topics, but instead they rely on local
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problem definitions and aim to co-produce knowledge that is useful and beneficial for local
communities.
Co-creation dynamics 3: science-driven research enriched by societal views
Co-creation dynamics 3 pictures a situation when the supply of knowledge by science is a
starting point for identifying priorities for policymakers, funding and even society.
Climate change is a phenomenon that takes place in long temporal horizons and, therefore,
it is difficult to realize in day-to-day activities. Therefore, the supply of knowledge by science,
which can examine long-term trends and make assessments on future dynamics, is crucial.
However, climate science can be significantly enriched by societal views on adaptation and
mitigation in order to inform the administration and identify the priorities for funding
(Alexander et al., 2011; Turunen et al., 2016).
With the case of reindeer management, it seems that policymakers’ views, herders’ con-
cerns and funding priorities are lagging behind science regarding climate change. Policy-
makers formally acknowledged the climate change issues by Act about compensating the
damages caused to reindeer herding (Laki porotaloutta kohdanneiden vahinkojen korvaami-
sesta 987/2011 and 655/2016) introducing compensations also for weather-related damages.
Published research on climate change was relatively extensive in the 2000s but slightly
increased towards the 2010s. However, MAKERA funding on climate change-related
issues started only after 2010. Policymakers have also recognized the importance of
climate change adaptation related to reindeer management in recent years. Herders them-
selves did not directly state the importance of climate change according to the 2003 policy
reports, nor at the ReiGN workshop held in 2018. However, at the ReiGN workshop, they
brought up some interesting issues indirectly linked to climate change. Reindeer health
and pasture condition related issues, as well as increasing land-use pressures, are partly con-
nected to changing climate and, therefore, can be considered as partly driven by climate
change-related knowledge needs. Furthermore, the Arctic Corridor (https://arcticcorridor.
fi/) and plans to build a railroad through northern Finland were also raising concerns at
the ReiGN workshop. The Arctic Corridor links to climate change impacts: melting sea
ice and the indirect impact of it, opening of new sea routes. Therefore, it seems that
climate change is an issue first recognized by researchers and then by the administration.
For herders, there are often more acute issues and pressures than climate change, but the
concrete implications of climate change evoke concerns. Herders are more interested in
changing weather conditions and concrete implications of changes in temperatures, precipi-
tation and snow cover on grazing conditions instead of climate change in general. Herders,
however, are the experts in observing environmental changes as they operate in nature on a
daily basis. Therefore, after science has established climate change on the administrators and
herders’ mindset, herders can have an important role in monitoring the environmental
changes brought by climate change (Riseth et al., 2010), and in identifying and implementing
adaptation actions themselves (Lépy et al., 2018; Vuojala-Magga et al., 2011).
This co-creation dynamics could also be called an ‘enriched linear model’. Basically, the
idea is that the danger of the ‘scientification’ of politics can be avoided by negotiating the
evidence with societal actors before it is used in decision making. In addition, Head
(2019) notes that practice-based perspective and political judgement also need to be incor-
porated into evidence-based decision making. This co-creation dynamics posits that
science can identify important emerging issues, which are then brought on the table to be
enriched by societal views and political debates. In addition to climate change, ecological
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knowledge on biodiversity and its links to ecosystem services can be addressed by the co-cre-
ation dynamics 3 (e.g. CAFF, 2015). The perspective of biodiversity can be incorporated into
indigenous and local communities by using the concept of biocultural diversity (Kassam,
2009), and by focusing on values and trade-offs associated with ecosystem services (Mali-
nauskaite et al., 2019).
Co-creation dynamics 4: co-identification of relevant themes
Co-creation dynamics 4 illustrates a case when the match between science, society and policy
is found by collaborating from early on to co-identify relevant themes as well as co-define the
problems to be addressed by research, policymakers, funders and herders. It is recognized
here that some themes and problems cannot even be properly identified without equal par-
ticipation from all these domains. This has been emphasized, for example, in the literature on
deliberative democracy and environment (Berg & Lidskog, 2018).
Regarding land use issues, mining and its relationships to reindeer management are
illustrative for the co-creation dynamics 4. Herders are increasingly noticing the environ-
mental risks of mining. Before the 2000s, mining was not an issue in the reindeer manage-
ment area, but the mining boom in Finland in the new millennium brought mining as an
acute issue in herders’ agenda. Surprisingly, recent reports to the administration do not expli-
citly mention mining, just cumulative pressures (Peltonen-Sainio et al., 2017; Tennberg et al.,
2017). We assume that the reason for it is that the pressures that mining is posing for rein-
deer management are more relevant near the mining sites, which are not evenly distributed
across the reindeer management area in Finland. Therefore, on the one hand, the conflict
potential between mining and herding varies according to the specific localities (Brown
et al., 2017). On the other hand, a lack of mentions of mining in the administration’s
recent reports (Peltonen-Sainio et al., 2017; Tennberg et al., 2017) on herders’ knowledge
needs may be explained by the fact that Finland has been identified as the most attractive
political and operational context for the mining industry due to loose regulation for explora-
tion and exploitation for multinational mining companies (Stedman & Green, 2018). It is
also difficult to follow the mineral exploration and mining development because the
economy of this industry is based on global markets which highly fluctuate. Due to hetero-
geneous site-specific relationships between mining and herding, and due to the potential
interests at play, it seems that matching supply, demand of knowledge and research
funding would require collaborative and site-specific problem identifications. This could
happen in multi-actor participatory workshops and (public) meetings aiming at identifying
the key knowledge needs, e.g. by utilizing maps as boundary objects, similarly to the Environ-
mental Impact Assessment (EIA) procedures which could serve as entry points for discus-
sions and show where the potential conflict areas are, and to visualize cumulative land use
pressures on reindeer pastures (cf. Brown et al., 2017; Landauer & Komendantova, 2018).
Co-creation dynamics 4 represents a view on science-policy-society relationships that is
based on the co-production of knowledge. Here, scientists, societal actors and policymakers
interact in processes ‘bringing a plurality of knowledge sources and types together to address
a defined problem and build an integrated or systems-oriented understanding of that
problem’ (Dale & Armitage, 2011, p. 440). Unlike in other co-creation dynamics, here, the
process is not started by a specific actor, but it is rather continuous and the iterative inter-
actions between science, policy and society are taking place. However, due to the above-men-
tioned power imbalances, the equal participation in the knowledge co-production processes
can be compromised by economically or otherwise more powerful actors. Therefore, Diver
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(2017, p. 1) has proposed a framework of indigenous articulations, ‘where indigenous peoples
self-determine representations of their identities and interests in a contemporary socio-pol-
itical context’.
Co-creation dynamics 5: funding to identify emerging issues
Co-creation dynamics 5 pictures a situation where funders first recognize an emerging issue
leading to policy interest also towards that issue. In general, this co-creation dynamics high-
lights the power of funders to identify emerging or urgent issues, which then become policy
priorities.
Reindeer herders’ well-being represents an issue taken up by RHA research funding and
starting to be addressed by policymakers. It may be that herders are proud practitioners of
their livelihood, and do not prefer to talk about the challenges for their well-being connected
to the livelihood. There may be a so-called ‘happiness wall’ meaning that internal problems
are not discussed with outsiders. On the other hand, herders may ‘refuse to resist’ mining
projects because they want to maintain social capital at the local level (see Komu, 2019).
Therefore, herders may not want to raise issues at the table that may lead to negative
views on reindeer management. It may be perceived that negative issues expose herders to
additional criticism, which may be used to legitimate actions and decisions that compromise
herders’ interests and values. Against this backdrop, it seems logical that the herders’ interest
organization, RHA, first identified the issue of herders’ well-being, and this was also then
acknowledged to some extent by policymakers’ knowledge demand. On the other hand,
this may relate to the trend of being more sensitive towards occupational health issues in
recent years compared to the past.
Co-creation dynamics 5 may be rarer than the other four co-creation dynamics to match
DFS requiring that indigenous or livelihood-based organizations can fund research, or act as
gatekeepers for the research. Such organizations can also identify sensitive topics to be more
easily researched than livelihood practitioners who may want to avoid conflicts or negative
views on the livelihood. Even if the indigenous or local organizations are not funders, they are
gatekeepers of what can be researched, and thereby their approval for the research plans is
crucial and gives them the possibility to define what kind of research will take place. The
initiative for addressing certain research topics thereby comes in co-creation dynamics 5
from funders or gatekeepers for research.
Assessing the co-creation dynamics
We can note that none of the co-creation dynamics is the best to match the DFS, but all five
dynamics have strengths and weaknesses, and they seem to be applicable to different con-
texts of which we have provided examples in this paper. Table 5 proposes strengths, weak-
nesses and application contexts for the five co-creation dynamics. It is important to
understand the application context while aiming at matching DFS as there are no ‘magic
bullets’ that can solve all the problems. Instead, different solutions work in different contexts.
The application context here links to the extent of problem structuration (Hisschemöller
et al., 2001), wickedness of the issue (e.g. divergent values, complex solutions; uncertainties)
(e.g. Funtowicz & Ravetz, 1993; Head, 2019), and the position of the addressed community
(like reindeer herders) in policy and governance discussions and platforms (e.g. Stringer
et al., 2006).
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Conclusion
In the present paper, we have examined the trends and relations between demand, funding
and supply (DFS) around reindeer management in Finland. We identified five co-creation
dynamics on divergent, but equally legitimate ways to connect the DFS. Therefore, these
co-creation dynamics can inform future efforts to enhance the connectivity between the
DFS in relation to reindeer management, but also beyond. The added value of these co-cre-
ation dynamics is to show that the co-creation of knowledge to match the DFS may be done
in diverse ways that fit the different types of objectives and situations. The complexity of
research funding, knowledge supply and societal demand even around a single livelihood
necessitates diverse strategies to match the DFS in varying situations. The present paper
offers new insights to meet this challenge.
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